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Abstract
During run 1 the Large Hadron Collider collided proton beams at the centre-of-mass energy of 7 and 8 TeV, as well
as heavy ions at the centre-of-mass energy of 2.76 TeV. The ATLAS trigger is designed to reduce the rate of events
from the nominal maximum bunch-crossing rate of 40 MHz to approximately 400 Hz, which is then written on disk
oﬄine. The online selection of events containing jets uses a set of jet triggers. The rate from jet events is very high,
with a steeply falling spectrum in the distribution of the transverse energy. These jet triggers have been designed to
keep an approximately constant jet rate of 0.5 Hz in various transverse momentum intervals and account for around
10% of the total ATLAS trigger rate.
During run 1 the jet trigger was fully eﬃcient at Level 1 for jets with transverse energies above 25 GeV, whilst at
Event Filter full eﬃciency was reached for jets with transverse energies above 60 GeV.
The overall performance of the jet trigger during the 2011 data taking is summarised, together with important
updates made during 2012. In addition, the expected performance of the jet trigger in run 2, to start in 2015, is
described.
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1. Introduction
The ATLAS jet trigger demonstrated an excellent per-
formance throughout 2011 and 2012 data taking, known
as run 1. During run 1, the Large Hadron Collider
(LHC) [1] collided proton beams at the centre-of-mass
energy of 7–8 TeV, as well as heavy ions at the centre-
of-mass energy of 2.76 TeV. The ATLAS trigger is de-
signed to reduce the rate of events from the nominal
maximum bunch-crossing rate of 40 MHz to around
400 Hz, which is then written on disk oﬄine. The on-
line selection of events containing jets uses a dedicated
set of jet triggers.
Figure 1 shows a 2-jet collision event [2] in
ATLAS [3]. Jets are the most prevalent high transverse
momentum (pT) objects produced at the LHC and are an
important component of a wide range of physics analy-
ses. As a consequence of collinear divergence, in ﬁnal
states traces of original partons are visible as collimated
bunches of energetic hadrons. Various jet reconstruction
algorithms are available [4]. Anti-kt [5] is a sequential
recombination algorithm that reconstructs a jet by clus-
tering nearby objects, which is infrared and collinear
safe by construction.
Jets are deﬁned as cone-shaped objects in
pseudorapidity-azimuthal angle space. The pseudora-
pidity is deﬁned as η = − ln tan θ/2, where θ is the polar
angle from the beam axis (in the case of massive objects
such as jets, the rapidity y = 1/2 ln[(E + pZ)/(E − pZ)]
is also used). The jet radius parameter R, where
R =
√
(Δη2 + Δφ2), deﬁnes the separation of the energy
deposits included in the jet reconstruction with respect
to the jet axis. The azimuthal angle, φ, is measured
around the beam axis.
The rate from jet events is very high, with a steeply
falling spectrum in the distribution of the transverse en-
ergy (ET). Figure 2 shows the inclusive jet double-
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Figure 1: Display of a collision event in ATLAS with two recon-
structed jets [2].
diﬀerential cross section as a function of jet pT [6], in
diﬀerent regions of absolute rapidity for jets identiﬁed
using the anti-kt algorithm with R=0.4. A trigger that
reaches full eﬃciency close to its ET threshold, said to
have a steep turn-on curve, is therefore important for the
jet trigger to manage this huge incoming rate of events.
2. The ATLAS trigger system
The ATLAS trigger system [7] is based on three lev-
els of online event selection:
• Level 1 (L1): jets are identiﬁed using L1 calorime-
ter towers [8] with a sliding window algorithm [9].
• Level 2 (L2): jets are found with a simple cone
jet algorithm, seeded by the L1 jets in regions of
interest (RoIs). An RoI is deﬁned in (η, φ) [10].
• Event Filter (EF): independent of any jets found at
L1 or L2 an unseeded anti-kt jet algorithm is run
over topological clusters formed from calorimeter
cells [11].
• L2 and EF together are known as the High Level
Trigger.
The ATLAS jet trigger naming convention is L1 XJY,
L2 XjY and EF XjY, for the three trigger levels, where
X is the jet multiplicity (if larger than one) and Y the
trigger ET threshold.
3. Jet Trigger Performance during run 1
To gain an understanding of the performance of the
jet trigger, data was compared to simulation from two
Figure 2: Inclusive jet double-diﬀerential cross section as a function
of jet pT in diﬀerent regions of absolute rapidity for jets identiﬁed
using the anti-kt algorithm with R=0.4. For convenience, the cross
sections are multiplied by the factors indicated in the legend [6].
Monte Carlo generators (MC), Pythia [12] and Her-
wig [13]. Each MC generator simulates complete
physics events using a hard subprocess with a leading
logarithmic parton shower for outgoing hadrons, fol-
lowed by a soft hadronisation model. Both MC gen-
erators include models for the underlying event.
During the 2011 data taking, using the described
three level jet triggers, L1 was fully eﬃcient for jets
with transverse energies above 50 GeV and EF was fully
eﬃcient for jets with transverse energies above 60 GeV.
This is shown in the eﬃciency turn-on curves of Fig-
ure 3 [14]. The discrepancies between data and MC
are of the order of a few percent. The eﬃciency turn-
on curves at EF are considerably steeper than the corre-
sponding L1 eﬃciency turn-on curve, due to improved
ET resolution.
Figure 4 shows the ET resolution as a function of η for
jets with pT>100 GeV and as a function of pT for jets in
the central detector region (0< |η| <0.75). Discrepancy
is seen between MC and data, particularly in the very
central detector region. Agreement also reduces as pT
increases.
The jet triggers account for about 10% of the to-
tal ATLAS trigger rate. Figure 5 shows that jets, taus
and missing ET triggers shared about 30% of the total
ATLAS trigger rate in 2011 [15].
The jet trigger was designed to keep an approxi-
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Figure 3: Eﬃciency turn-on curves for a selection of (top) L1 and
(bottom) EF jet triggers in data, Pythia and Herwig MC [14].
mately constant jet event rate of 0.5 Hz in various pT
intervals. To control the rate, jet triggers were run
on a fraction of the initial events. This is known as
prescaling. The rates shown in Figure 6 [14] are before
prescales were applied.
4. Heavy ion jet trigger performance
The ATLAS heavy ion (HI) programme 2011 stud-
ied the collisions of lead nuclei (Pb+Pb) at energies
with a centre-of-mass energy of 2.76 TeV per nucleon
pair. Jets produced in HI collisions can be used as direct
probes of the resultant evanescent, hot, dense medium,
and as such represent a very important tool for physics
studies [16].
The dominant issue for jet measurements in the HI
environment is the presence of a large amount of energy
coming from additional interactions originating from
the same Pb+Pb collision, known as the underlying
event (UE). The energy deposited by the UE depends
Figure 4: ET resolution (top) as a function of the jet oﬄine pseudora-
pidity (η) for jets with oﬄine pT>100 GeV and (bottom) as a function
of jet oﬄine pT for jets in central region (0< |η| <0.75) in data, Pythia
and Herwig MC [14].
on the collision impact parameter. The UE energy de-
posits need to be subtracted for each event when recon-
structing jets. The most central collisions, with 0-10%
centrality, have the largest UE contributions. Whereas
the most peripheral collisions, with 60-100% centrality,
have the smallest UE contributions.
Dedicated HI triggers are required for this very diﬀer-
ent environment. The primary HI HLT jet trigger algo-
rithm is anti-kt R=0.2 with an ET threshold of 20 GeV,
seeded by events identiﬁed by the L1 trigger with total
ET>10 GeV.
Figure 7 shows that the primary HI HLT jet trigger
reaches full eﬃciency around 30 GeV. There is very lit-
tle centrality dependence. The jet position resolution,
evaluated with respect to oﬄine anti-kt R=0.2 jets, also
shows very little centrality dependence. These show
that the UE subtraction method performs well.
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Figure 5: EF stream recording rates, averaged over the periods for
which the LHC declared stable beams [15].
Figure 6: Rates from 2011 7 TeV data for single inclusive jet triggers
at EF, where |η jet | < 3.2 [15].
5. Performance improvements during run 1
During run 1 the jet trigger performance was moni-
tored. The original jet trigger design was modiﬁed to
address speciﬁc performance issues. Two such issues
are described here.
It was noticed that 100% eﬃciency was not achieved
for multijet triggers. This was attributed to the RoI ap-
proach being ineﬃcient in a busy multijet environment
and due to the fact that the L1 sliding window has a
square size (in η, φ) while oﬄine jets are circular. A
solution was found by running an anti-kt jet ﬁnding al-
gorithm at L2 on coarse-granularity data from the full
detector. This is called L2 full scan (L2FS). 100% ef-
ﬁciency was then achieved for multijet triggers as well
as the eﬃciency of the triggers being improved in the
turn-on region. This is shown in Figure 8.
The original EF jet triggers were only fully eﬃcient
above 60 GeV (as seen in Figure 3) but it was desired
to access the low ET region. A solution was found by
running the jet ﬁnding algorithm at EF on data from the
full detector using only a fraction of the data collected
Figure 7: The primary HLT jet trigger for the 2011 HI run used anti-kt
R=0.2; (top) eﬃciency turn-on curves and (bottom) jet position reso-
lution (in pseudorapidity) [16].
by a random L1 trigger. A random trigger selects events
purely at random, as is suggested by its name. The EF is
then free from any bias that might be introduced by the
jet reconstruction at either the L1 or L2 stages. Full ef-
ﬁciency for jets with transverse energies above 25 GeV
was achieved, as shown in Figure 8, which is a consid-
erable ET reduction. The data shows good performance,
even if slightly worse than the MC predictions.
6. ATLAS jet trigger preparations for run 2
In run 2 the jet event rate will increase due to lumi-
nosity (by a factor of around 2), centre-of-mass energy
(by a factor between 2-4) and the number of simultane-
ous proton collisions, known as pileup. Strategies are
therefore required to keep the trigger thresholds low, re-
stricting triggered rate increase.
The key strategies in preparation for run 2 are:
New L1 calorimeter hardware will allow event-by-event
pileup subtraction, which is crucial to keep the multijet
L1 thresholds low; New topological trigger modules at
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Figure 8: The eﬃciency turn-on curves (top) for L1 (sliding window)
and L2 full scan (anti-ktR=0.4) jet triggers in collision events with at
least six anti-kt R=0.4 jets identiﬁed oﬄine with |η| < 2.8 and ET>
30 GeV. The eﬃciency is plotted as a function of the sixth oﬄine jet
ET. Eﬃciency turn-on curves (bottom) for low pT EF trigger chains
in data, Pythia and Herwig MC [14].
L1 will permit angular and mass selections for jet trig-
gers; L2 and EF jet trigger code will be merged, which
should result in signiﬁcant speed improvements, as well
as improved trigger eﬃciency turn-ons and resolutions;
New fast tracking at HLT will allow assigning jets to
pileup vertices. Studies are ongoing to evaluate the fea-
sibility of full scan HLT, which will obviously have in-
tensive processing requirements.
7. Conclusion
The ATLAS trigger systemwas designed to cope with
the challenging LHC conditions by dividing the trigger
into three levels and using a Region of Interest based
approach, in which the ﬁrst level identiﬁes high pT ob-
jects that are veriﬁed by the subsequent levels. For
the jet triggers, the seeded mechanism introduced per-
formance limitations for very low pT jets and multijet
events. These limitations were overcome by the in-
troduction of full event reconstruction at L2 and also
EF. The result is a highly ﬂexible system that can run
many diﬀerent algorithms and conﬁgurations, adapting
to diﬀerent requirements of physics analyses and chang-
ing data-taking conditions. The ATLAS jet trigger has
shown excellent performance since the ﬁrst collisions of
the LHC and has a number of improvements in place for
run 2.
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